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The diﬀerential diagnosis of wide QRS tachy-
cardia is sometimes a challenging diagnostic process
for even physicians who specialize in cardiac
electrophysiology. In the conventional criteria1) for
diﬀerential diagnosis a tachycardia with a QRS
width of more than 140ms is considered likely to be
Figure 1
(A) ECG record during palpitation by 24-hour ambulatory monitoring. A wide QRS tachycardia with cycle length
of 280ms and QRS width of 170ms is demonstrated.
(B) Standard 12-lead ECG during sinus rhythm before the EP study.
(C) ECG during an induced tachycardia with LBBB morphology (Tachy-1).
(D) ECG during an induced tachycardia with RBBB morphology (Tachy-2).
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ventricular tachycardia (VT) and a width of less than
140ms, supraventricular tachycardia with aberrant
conduction or bundle branch block.
A 58-years old male was transferred from a
general physician for evaluation and treatment of his
palpitation which had occurred every day since 2
weeks ago, but each episode lasted only several
minutes. Twenty-four-hour ambulatory monitoring
(Holter’s ECG) revealed paroxysmal wide-QRS
tachycardia emerging during episodes, as shown in
Figure 1A. Because the QRS width of this tachy-
cardia was 170ms, which is 30ms longer than the
cut-oﬀ line for diﬀerential diagnosis, we had a
preconception that this tachycardia is a ventricular
tachycardia, although he had never experienced
fainting during the tachycardia. This patient under-
went EP study followed by catheter ablation proce-
dures in our hospital. ECG measured at the start of
the session revealed normal sinus rhythm at 70 bpm
without manifestation of ventricular pre-excitation
(Figure 1B). In the baseline study, AH interval and
HV interval were 70ms and 50ms, respectively
during regular sinus rhythm of 70 bpm. One-to-one
AV conduction via AV nodal fast pathway was
documented during rapid pacing at 330ms of pacing
cycle length from high right atrium. A single
extrastimulus method revealed dual AV node path-
ways (eﬀective refractory period: ERP of fast
pathway = 306ms, ERP of slow pathway  246
ms). The programmed pacing from RV showed
retrograde conduction via both the fast pathway
(ERP ¼ 330ms) and an accessory pathway (AP)
(ERP ¼ 270ms) located at left posterior region. VT
induction study including triple extra stimuli and
burst pacing had never induced any ventricular
tachyarrhythmias nor repetitive ventricular respons-
es. Instead, up to 3 echoes of AV reciprocating
tachycardia (AVRT) were induced by the program-
med pacing applied from the RV. Because the cycle
length (CL) of these echoes were very short (less
than 250ms), the reentrant wave was blocked at the
anterograde limb and never perpetuated. After intra-
venous infusion of isopreterenol (0.02 /kg/m),
2 kinds of unsustained wide QRS tachycardia
with diﬀerent CL were induced by programmed
pacing from the coronary sinus (CS). The ﬁrst one
(Tachy-1) had a QRS complex of left bundle branch
block (LBBB) morphology (QRS width = 170ms)
with tachycardia CL of 280ms (Figure 1C) which is
consistent with the tachycardia recorded by the
Holter monitoring in terms of the QRS morphology
and CL. The second one (Tachy-2) was a more
rapid tachycardia with tachycardia CL of 215ms
(Figure 1D). The QRS morphology was right bundle
Figure 2 Induction of wide QRS tachycardia with LBBB morphology (Tachy-1)
From the top, Surface ECG: lead I, aVF and V1, intracardiac records: high right atrium (HRA), His bundle
electrogram (HBE), distal (d) and proximal (p), Coronary sinus (CS) from the most distal (1-2) to the most
paroxysmal (9-10), and right ventricle (RV). For the details, see the text.
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branch block (RBBB) pattern with relatively narrow
QRS complex (120ms).
Figure 2 demonstrates the intracardiac records of
the induction of Tachy-1 by incremental CS pacing
(CL 250ms). During the CS pacing, 1-to-1 AV
conduction was provocated, accompanied with func-
tional LBBB. Following the last CS pacing, an
AVRT using a left posterior AP as a retrograde
conduction pathway was initiated, as the earliest
retrograde atrial activation was recognized at CS7-8.
Because tachycardia CL was relatively short (280
ms), functional LBBB pattern was maintained during
the AVRT. The AH interval during the tachycardia
was 120ms, suggesting that the anterograde AV
conduction was via AV fast pathway. Tachy-2, the
more rapid tachycardia (CL ¼ 215ms) with RBBB
morphology was induced by CS double extrastimuli
(S1-S1: 300ms, S1-S2: 230ms, S2-S3: 200ms)
(Figure 3). It is noted that the retrograde atrial
activation sequence during Tachy-2 was exactly the
same as that during Tachy-1. Therefore, this tachy-
cardia could also be diagnosed as AVRT, although
tachycardia CL was markedly diﬀerent. The diﬀer-
ence in this tachycardia CL can be explained by so-
called Coumel’s phenomenon.2) During the AVRT,
when left bundle branch was blocked in the
anterograde conduction, the anterograde impulse
had to take a detour, i.e., via the right bundle
branch, then conducted from RV to LV, ﬁnally
reaching the LV-AP interface. Therefore, the con-
duction time from the His bundle to the earliest atrial
activation via the left-sided AP should be signiﬁ-
cantly longer during Tachy-1 than that during
Tachy-2 (130ms vs 65ms: See Figure 2 and 3). On
the contrary, the conduction time from the earliest
retrograde atrial activation to the His bundle was
identical in both recordings (150ms), suggesting
the same anterograde conduction pathway was used
during the tachycardia. These wide QRS tachy-
cardias were rendered uninducible after the success-
ful ablation of the left-sided AP.
As mentioned above, these 2 wide-QRS tachy-
cardias with diﬀerent CL and diﬀerent QRS mor-
phologies had the same mechanism (AVRT) with as
rate-dependent block of the bundle branches. The
type of bundle branch block appearing during the
tachycardia may be diﬃcult to determine. However
it may depend on the intensity of intrinsic and
extrinsic sympathetic stimulation and the contents of
programmed pacing which induces the tachycardia.
The CL of AVRT is generally between 300 and
400ms. The AVRT with CL of 215ms is very rare
and can hardly be perpetuated. In fact it could not
be sustained during EP study and terminated after
10–20 consecutive beats. The electrophysiologic
requirements for the initiation and perpetuation of
Figure 3 Induction of wide QRS tachycardia with RBBB morphology (Tachy-2)
From the top, Surface ECG: lead I, aVF and V1, intracardiac records: high right atrium (HRA), His bundle
electrogram (HBE), distal (d) and proximal (p), Coronary sinus (CS) from the most distal (1-2) to the most
paroxysmal (9-10), and right ventricle (RV). For the details, see the text.
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AVRT has been shown to be two-fold.3) One is the
likelihood of the anterograde AP block (ERP-AV
node < ERP-AP), and the other is conduction delay
(slow conduction) via the AV node which allow the
AP to conduct retrogradely. However, there was
almost no conduction delay via the AV node in this
case. Thus, the ERP of infrahisian specialized
tissue, ventricular muscle and the AP (retrograde)
must be short enough to form the reentry with such
a short CL. When the CLBBB appeared from the
initiation of AVRT, CL of the tachycardia was
lengthened by Coumel’s mechanism, then the
tachycardia was allowed to perpetuate.
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